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Abstract 

Using the most general model independent form of the effective Hamiltonian the rare decay 
Bg — > is studied. The sensitivity of the photon energy distribution and branching ratio to new 
Wilson coefficients are investigated. 
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I. INTRODUCTION 



The experimental observation of the b ^ [1] and B — > Xg^ [2] processes opened 
a window to study possible rare B meson decays, which will give important information 
about Cabibbo-Kobayashi-Maskawa (CKM) matrix elements. In the Standard Model rare 
Bg in7 decay is forbidden due to the helicity conservation. When photon is emitted from 
structure dependent part (sec below) the helicity conservation allows the decay Bg — >■ uV'^. 
Therefore, the investigation of the Bs — > vV^ rare decay becomes interesting. 

The main interest in studying B meson decays is to test the Standard Model (SM) 
predictions at loop level and extract new physics effects beyond the SM. The loop induced 
rare decays Bs{Bd) — > vV^ within the SM have been studied using constituent quark model 
and pole model and the branching ratios are found to be 10~^ for Bg vV^ and 10~^ 
Bd vvi [3]. 

The decay rate of the B^ vV^ might have an enhancement comparing with the pure 
leptonic modes of B meson. The new physics effects beyond SM can be also probed by 
studying this Bg vV^ rare decay properties. 

In this paper, we study the sensitivity of the physically measurable quantities, branching 
ratio, photon energy distribution, to the new physics effects using the most general form of 
the effective Hamiltonian. The effects of the new Wilson coefficients Cx on branching ratio 
and photon energy distribution is also investigated. 



II. EFFECTIVE HAMILTONIAN 

The most general model independent form of the effective Hamiltonian for the process 
h — > qvV can be written in the following form [4,5]; 

= f ^''^*2? (1 - fel^T^l - 75) ^ + Ci°* I7m (1 - 75) 617 7^1 + 75) ^ 

4v 2 sm 

+ CuL-sip. (1 + 75) hv^{^ (1 - 75) V + S7^ (1 + 75) hV^^ (1 + 75) V 

+ C'LiiLilS(l + 75)&Z^ (l + 75)z^+C'RLLilS(l-75)&Z^ (1 + 75) 

+ ^LRRL s (1 + 75) & (1 - 75) y + C'r^rl s (1 - 75) & (1 - 75) y 
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where the projection operators L and it! in Eq.(l) are defined as L — (1 — 75)72, R — 
(1 + 75)72, and Cx are the coefficients of the four-Fermi interactions. In this work, we 
restrict ourselves by considering only Dirac neutrino in order to avoid additional lepton- 
number-violating operators. Furthermore, the states and arc well separated in the 
massless Dirac neutrino case. However, for the massive neutrino case we can change chirality 
with help of the mass, and therefore in this case it is necessary the right-handed neutrino 
to be heavy. In general, the Wilson coeeficients for b — > sl^l~ and b — > suP processes are 
different. However, operator structures in both case must be the same, since for massive 
neutrino case charged lepton and neutrino except their electric charge are the same with 
respect to the SU(2). First four terms in the effective Hamiltonian are the vector interactions. 
The interaction terms with coefficients C^£l and C^^"^ which are present in the SM are given 
in the form, 

'^LL — ^^9 ~ 
^LR — + ^W- 

The contributions from the new physics can be described by redefining the Wilson coefficients 
as Cll{lr) = Cll{lr) - Cx- The coefficients Clrlr, Crllr, Clrrl and Crlrl describe the 
scalar type interactions which disappear in our calculations for Bg — > fV^ process. The 
remaining last two coefficients in Eq.(l), correspond to tensor type interactions. In general, 
these operators are possible and they can appear from the exchange of spin-2 particles. It is 
obvious that the effects of the Ct and Cte operators will be larger, because there are more 
Lorentz indices, which means that summing over them will lead to larger effects. In order 
to calculate the matrix element for Bg — > vV^ decay we use the general form of the effective 
Hamiltonian and the standard definitions for the matrix elements [6,7,8] ; 

( 7 (g) 1^7,. (1 T 75) h\ B{pb) ) = A^{e,.xa e'-'pVg (/) ± i [e*'{pq) - {e*p)q'] f{p')} (2) 



rriB 



m 



B 



{ 7 (?) \s b\ B{pb) ) = ^ e^^A. G e*Y + H £* V + N {e*p) p^ q'^ (3) 



{j{q)\s{lTl5)b\B{pB))=0 (4) 

where £* is the polarization vector of the photon. The p,q and are the transfer momentum, 
photon momentum and the momentum of B meson, respectively. Using Eqs. (2), (3) and 
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(4) the matrix element for the process can be calculated as follows: 

(y Ct TP P r 

M = -^^tbVZ:^{l7r (1 - 75) [Ai e,.ap e^'p'^q^ + ^^2« ipq) - {e*p)q,) 
+177/^ (1 + 75) V [Si e^,,^ + i B^ie; (pq) - {e*p)q^) 

+ i e^^ap V af"" V \G e*"q^ + H £*"p'^ + N {e*p) p" qf^' 

+ iv a^^v [Gi {e*i'q'' - e*''q^') + Hi {e*^p'' - £* V) + ^1 {e*p) {p^q"" - P'^q")]} (5) 

where we have used the definitions [6]; 

A, = {Cit + Cul) g, 
Bi = {Clr + Crr) g, 



Gi — —8Cte 91, 



Ni — 8 Cte 



B2 = {Clr - Crr) f 
(/l + 91) 

ifl + 91) 



H^N{pq), 
Hi^Niipq). (6) 



with p"^ = m^(l — x), pq = m\x/2^ x = 2E^/mB where is the photon energy. The double 
differential decay width of the Bg i^V'^ process in the rest frame of the B meson can be 
written in the form 

dV 1 



IMI 



(7) 



dxdEi 1287r3 

The bounds of the final neutrino energy Ei and the dimensionless parameter x for photon 
energy are determined from the following inequalities 



2 ^ - ^ - 2 ' 



0<x<l 



(8) 



In our calculations, we consider hard photon in the process Bs — > lyiy^ . For the experimental 
observability of photon we impose a cut on the minimum energy to be greater than 25 MeV 
which corresponds to x > 0.01 [6,8,9]. We integrate the differential decay width over the 
neutrino energy Ei to get the photon energy distribution 
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dV 
dx 



a Gf 



4V2 



a TT 



. .^^mBx'{-A \Hif{l-x) + Re{GiH;)x 



1 — X 



x^ 



- 4 

1 2 
3 ^ 

2 2 



\Hf{l-x) + Re{GH*)x 



+ \ml [2Re{GN*) + m| |A^|^ (1 - x)] (1 - x) 



2Re{GiNl) + ml \Ni\^ (1 - x)\ (1 - x) 
{\Ai\' + \A2\' + \Bi\' + \B2\^){l-x) 
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li\G\' + \Gi\')} 



(9) 



The form factors f,g,fi and gi , which we have used in our numerical calculations, appearing 
in Eq.(6) can be obtained in the framework of light cone QCD sum rules given in [7,8] and 
their x dependence with a good accuracy: 

_ 0.8 GeV . IGeV 



v-^ (6.5)2 ; l-L (5,6)2 ; 

0.68 GeT/^ _ 3.74 Ge\/^ 

- , (^8p(l_^.2' (4.8^(1-^0 ^2• 

V-^ 30 V 40.5 ^ 



III. RESULTS AND DISCUSSIONS 

We use the main input parameters uib = 5.28GeV, |VtbV^*| = 0.045, = 137, Gi;' = 
1.17 X 10~^GeV^~^ in the numerical results. For the Wilson coefficients we take the values 
C!/^ = 4.344 and do = 4.6242 given in the [6,10]. 

In this work, we assume that all new Wilson coefficients Cx are real and vary in the region 
—4 < Cx < +4. The experimental bounds on the branching ratios of the B K*^^fi~ 
and Bs —>■ fi^fJ'^ [11] suggest that this is the right order of magnitude range for the vector 
and scalar interactions coefficients. Therefore, we assume that all new Wilson coefficients 
change in this range. The integrated branching ratio for the rare Bg z/z77 decay depending 
on the new Wilson coefficients Ct, Cte, Crr, Crl, Cll, Clr is plotted in Fig. |I[ It is clear 
from this figure that branching ratio increases when all new Wilson coefficients Cx > 
increase, for example, in the region —4 < Ct, Cte ^ branching ratio decreases and 
it increases in the region < Ct , Cte < +4. Furthermore, the branching ratio remain 
approximately unchanged when the coefficients Crr, Clr varies and there is no sensitivity 
to these coefficients. The branching ratio weakly depends on the Crr, Crl, Clr coefficients. 

However, one can conclude that the branching ratio is more sensitive to the tensor type 
Ct and Cte coefficients. We find the branching ratio B{Bs vV^) = 1.2 x 10^^ for new 
Wilson coefficients are set to zero. The branching ratio for the contact interactions give 
symmetrical distribution with respect to zero. Measuring this branching ratio can give an 
information about the magnitude of this type tensor interactions, see Fig. 0. In addition, 
the Crl and Cll distribution can give an opportunity to detect the sign of these coefficients. 
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FIG. 1: The branching ratio of the rare Bs — > w^f decay depending on the new Wilson coefficients 
Cx for the parameter cut Xmin = 0.01. 

We see that in dependence of the sign of the tensor interaction Cte differential branching 
ratio can be larger or smaller than SM prediction . 

The photon energy distribution can also give information about new physics effects. 
In Fig. 0, we present the differential branching ratio for the rare Bs vV'-j decay as a 
function of dimensionless variable x for different values of coefficient Cll. In this view the 
differential branching ratio measurement could give important information about the sign 
of new Wilson coefficient. The higher sensitivity can be obtained when the photon energy 
reaches ~ Q.QGeV . 

In conclusion, using a general model independent effective Hamiltonian for the process 
Bs Z/Z77 , the branching ratio and the photon energy distribution are found to be sensitive 
to the existence of new physics beyond the SM. Within a reasonable range of branching 
ratios, it would be possible to detect the rare processes in the future B-factories. At planning 
LHC-B and B TeV hadronic machines 10^^ — 10^^ hh pair per years [12] will be produced. 
Therefore, the number of expected events are ~ 10'^ — 10'^, which quite detectable this 
decay in the above mentioned colliders. Note that signature of this decay will be single 
photon and missing energy. 
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FIG. 2: The differential brancfiing ratio for rare Bs — ^ depending on tfie dimensionless variable 
X = 2E^/mB for the different values of tensor interaction coefficient Cte 
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FIG. 3: The differential branching ratio for rare Bg — ^ i^Vj depending on the dimensionless variable 
X = 2E^/mB for the different values of vector interaction coefficient Cll 
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